Survival, metabolic and reproductive activity of Itunella muelleri was tested in several combinations of temperatures (2u-30uC) and salinities (from fresh water to salinity of 34%). Proportions of individuals alive after 18 or 22 days was high in all experimental combinations except in fresh water at 2uC and at 30uC at salinities of 4 and 16%. Metabolic activity, as measured by the production of faecal pellets, was low in fresh water regardless of temperature. Metabolic activity was also very low at 2uC regardless of salinity. Maximum activity was found at 20uC and 22uC with little difference between salinities of 4, 8, 16, and 32%. Production of nauplii during the first 29 days was nil in fresh water regardless of temperature, and also nil at 2uC and 30uC regardless of salinities. The maximum production was found in the combination of 22uC and salinity of 16%. The results are discussed in relation to expected ambient conditions in the natural habitat of the species.
INTRODUCTION
Few animals of marine origin occupy successfully the littoral fringe or the zone immediately above it. The harpacticoid Itunella muelleri (Gagern, 1922) inhabiting sandy/gravelly shores is a rare example of this, with peak numbers above the mean high water of springs on semisheltered shores in Iceland; I. muelleri is therefore found well above the uppermost rough periwinkles [Littorina saxatilis (Olivi, 1792) ] often used to mark the upper limit of the littoral fringe in the North Atlantic (Lewis, 1964; Steinarsdóttir and Ingólfsson, 2004) . Such habitats can be considered stressful for a marine species with respect to humidity, salinity (with precipitation and fresh-water runoff playing an increasing role) and temperatures (with increasing role of changeable air-temperatures over more stable sea-temperatures). In Iceland, I. muelleri has on one occasion been found in low-lying rock pools (Steinarsdóttir et al., 2003) and even personally observed on seaweed floating at sea.
We studied experimentally the metabolic activity, reproduction and survival of I. muelleri at various combinations of temperatures and salinities, building on our earlier work (Steinarsdóttir and Ingólfsson, 2004) .
MATERIALS AND METHODS
Animals were collected above the littoral fringe in Skerjafjörður, southwestern Iceland (64u089N, 21u589W), in September 2005 and March 2006. The substrate was composed of sand and gravel with no macro-vegetation. The temperature regime at nearby Reykjavík Harbor (64u109N, 21u579W, obtained from www.hafro.is/Sjora) can be briefly described as follows based on data from a five-year period, 2005-2009. Sea temperatures generally ranged from 2-14uC. Mean number of days per year that daily temperatures fell below 2uC was 11.6 (minimum 24-hour temperature 0.8uC), while the mean number of days that daily temperatures exceeded 14uC was 0.8 (maximum 24 hour temperature 14.3uC). Air temperatures (obtained from Reykjavík Weather station, 64u089N, 21u549W) were far more variable. Although the monthly means ranged from 20.6uC to 12.8uC, days with temperatures going below 25uC were common in winter (this happened in at least 3-7 months of the year, lowest temperature recorded 214.4uC), and temperatures climbing above 15uC were also quite frequent in summer (this happened in at least 3-5 months each year, highest temperature recorded 25.7uC). The collecting site in Skerjafjörður was visited at different times of the year and we once noted that the substrate was frozen stiff during a cold spell. The water around Skerjafjörður is fully marine (salinity above 30%).
The animals were cultured in 10 different combinations of salinities and temperatures (see Table 1 ) in Petri-dishes, 5.3 cm in bottom diameter. The light regime in the cultures was 12L:12D and the animals were fed with dried ground detritus from their habitat mixed with dried ground washedup algae from the sampling locality. Each treatment had 5 replicates, initially containing 8 or 10 adult animals (see Table 1 ). Petri-dishes were covered, although the lids were lifted periodically. Evaporation was not noticeable, but still seawater was exchanged several times during the experiments to avoid changes in salinity.
The number of animals alive after 18 days was counted. The number of nauplii produced during the first 29 days was counted in each replicate as well as the number of faecal pellets that had been produced by day 3. Numbers of faecal pellets produced may give an idea of the state of the animal's metabolism. Thus, a correlation has been found between egg production rate and faecal pellets production in a marine copepod (Calbet and Irigoien, 1997) .
Results from our earlier study (Steinarsdóttir and Ingólfsson, 2004 ) on survival and faecal pellet production where similar methods were used (5-6 different combinations) have been incorporated with the results of the present study.
In statistical analyses Bonferroni-adjusted probabilities have been used when two or more comparisons were made simultaneously. Salinities are given on an approximate Practical Salinity Scale (PSS). JOURNAL OF CRUSTACEAN BIOLOGY, 31(2): 364-366, 2011 RESULTS Adult individuals usually survived well for 18 or 22 days at most combinations of temperatures and salinities (Table 1) . However, survival was significantly reduced in fresh water at 2uC (compared with survival in fresh water at 7uC: chisquare 5 16.7, P , 0.0001) and salinity of 16% at 30uC (compared with survival at salinity of 16% and 22uC: chisquare 5 26.5, P , 0.00001). No animals survived for 18 days at salinity of 4% and 30uC in any of the replicates.
Metabolic activity was low at 2uC regardless of salinity (Table 2) . No faecal pellets had been produced by day three at 2uC and salinities of 4% (in 1 out of 2 treatments) or 16%. At 2uC some animals did not move, and had to be poked to make sure they were still alive (and some were dead). Metabolic activity was low in fresh water regardless of temperatures and at 30uC at salinities tested (salinities 4 and 16%, Table 2 ). Maximum faecal pellet production occurred at 20-22uC at 4, 8 and 16%. Faecal pellet production was significantly greater at 22uC and salinitity of 4% than in any other combination (ANOVA, post-hoc Bonferroni tests, P , 0.0001). Production was greater at 22uC and salinity of 16% than in other combinations except the above in the present study (P , 0.01 or lower). Production was greater at 30uC and salinity of 16% than at 2uC of the same salinity (P , 0.05).
No nauplii were found in treatments in fresh water, nor were nauplii recorded from treatments carried out at 2uC (salinities of 4, 16 and 34%) or 30uC (salinities of 4 and 16%) after 29 days. Nauplii were numerous in treatments at 11uC (salinities of 4 and 16%, with average numbers 6 SD of maximum nauplii found during the 29 days being 63.8 6 26.4 and 64.8 6 15.1 respectively) and 22uC (salinities of 4 and 16%, 104.8 6 29.1 and 160.8 6 37.2 nauplii respectively) with nauplii recorded during the first 29 days being significantly more numerous at 22uC and salinity of 16% than in other treatments (ANOVA, posthoc tests, P , 0.05 or less).
DISCUSSION
The results showed that metabolic as well as reproductive activity was reduced under the ''extreme'' conditions of low salinities (fresh water or salinity of 4%) and low (2uC) and high (30uC) temperatures. Survival was also reduced in fresh water, but only at 2uC, but it was not noticeably affected at the combinations of 2uC and salinities of 4, 16, or 34%. Temperatures in the natural habitat of I. muelleri in Skerjafjörður are unlikely to reach 30uC at any time. At thermal sites in northwestern Iceland habitats in the littoral fringe with temperatures in excess of 30uC are available, but the highest temperature at which the species was recorded was 22uC (Steinarsdóttir and Ingólfsson, 2004) . Temperatures below freezing, however, are probably of frequent occurrence in Skerjafjörður. Animals can possibly survive such cold periods in a semi-dormant or quiescent state, as has been observed in the beachflea Orchestia gammarellus (Pallas, 1766) in the littoral fringe (salt marsh) at nearby Hvassahraun (64u019N, 22u109W) (Ingólfsson et al., 2007) . The ameliorating effects of relatively high sea temperatures in winter on conditions in the uppermost littoral fringe are unknown, but the occasional presence of cast-up seaweed in the upper littoral fringe at Skerjafjörður indicates some effects. Heat produced by decomposing detritus in the sediment may also counterbalance to some degree low winter air temperatures. On the whole the results agree well with expected local ambient conditions in the natural habitat of I. muelleri. Table 2 . Metabolic activity of Itunella muelleri individuals as measured by the average number of faecal pellets 6 SD on day 2 1) or 3 2) in cultures at various combinations of temperatures and salinities. Each treatment had 3 1) or 5 2) replicates. Each replicate was started with the adult female:male ratio 5:5 1,2) or 6:2 2) (a total of 10 or 8 adults respectively). 1) Data from Steinarsdóttir and Ingólfsson, 2004. 2) Present study. Data not marked specifically in the table. * 0.0 in another experimental setup at the same temperature and salinity. The tolerance of I. muelleri to salinities, temperatures, and low humidity can be compared to tolerance of other crustaceans inhabiting the littoral fringe in Iceland. The high shore rock pool harpacticoid Tigriopus brevicornis Müller, 1776, common on all coasts of Iceland (Handschumacher et al., 2010) , has been found to survive low subzero temperatures for at least several hours as well at temperatures exceeding 30uC. Salinities as low as 2 and as high as 161 could also be tolerated at least for short periods (Davenport et al., 1997) . This harpacticoid has been reported to survive the complete drying up of pools by taking refuge in algae that provide some moisture (McAllen, 1999) .
Orchestia gammarellus (Amphipoda) in southwestern Iceland has been shown to survive temperatures in excess of 30uC, at least for short periods (Morritt and Ingólfsson, 2000) , and it can survive freezing temperatures there. However, at thermal sites in northwestern Iceland habitats with temperatures in excess of 30uC were freely available to beachfleas, but the animals were very rarely found at temperatures exceeding 20uC (maximum 28.1uC) (Ingólfs-son et al., 2007) . Tolerance to low salinities is indicated by its presence at sites warmed by fresh-water outflow (Ingólfsson et al., 2007) . However, where the O. gammarellus is found on the same sites as I. muelleri, the former does not reach as high on the shore as the latter (Steinarsdóttir and Ingólfsson, 2004) , indicating a greater resistance to low humidity of I. muelleri.
The amphipod Gammarus duebeni Liljeborg, 1852 survives and reproduces at range of salinities from freshwater to fully marine conditions. It is typically found in brackish conditions and can be encountered higher on the shore than other related amphipods (Ingólfsson, 1977) . It may reach as high on the shore as O. gammarellus in southwestern Iceland (Ingólfsson, 1977) , tolerating conditions above sea level under stones for prolonged periods. Otherwise its tolerance to low humidity is unknown.
